We present the results of the covariant spectator quark model applied to the nucleon structure function f (x) measured in unpolarized deep inelastic scattering, and the structure functions g 1 (x) and g 2 (x) measured in deep inelastic scattering using polarized beams and targets (x is the Bjorken scaling variable). The nucleon is modeled by a valence quark-diquark structure with S, P and D components. The shape of the wave functions and the relative strength of each component are fixed by making fits to the deep inelastic scattering data for the structure functions f (x) and g 1 (x). The model is then used to make predictions on the function g 2 (x) for the proton and neutron.
PACS numbers: 13.60.Hb,12.39.-x,12.39.Ki, 13.88.+e The covariant spectator quark model (CSQM) is a model in which the electromagnetic structure of the constituent quark is parametrized by Dirac (f 1q ) and Pauli (f 2q ) form factors for the quarks (q = u, d) [1, 2] . The quark electromagnetic form factors f 1q , f 2q simulate the effects associated with the gluons and the quark-antiquark pairs. The CSQM was developed within the covariant spectator theory [3] and was first applied to the nucleon using a S-state approximation to the quark-diquark system [1] . The quark form factors and the radial wave functions are fitted to the nucleon electromagnetic form factor data. It was concluded that the falloff of the ratio between the magnetic and electric observed for the first time at Jefferson Lab can be explained by a model based on quarks with no orbital momentum, if the quarks have an internal structure [1] . The model was later extended to several nucleon resonances and other baryons [2, 4, 5, 6, 7, 8] .
The next step on this, it is to check if CSQM can be extended to the deep inelastic scattering (DIS) regime, and if a qualitative description of the DIS phenomenology can be achieved. In the deep inelastic scattering the photon transfer momentum squared, Q 2 , and the photon energy in the lab frame, ν, are both very large but the ratio x = Q 2 2M ν is kept finite (M is the nucleon mass). If the CSQM is in fact compatible with DIS, the DIS data can be used to discriminate the individual contributions of the orbital angular momentum states in the nucleon wave function and also used to estimate the shape of those components.
The nucleon structure in DIS is parametrized in terms of the unpolarized structure functions f q (x) = q(x) and the polarized structure functions g q 1 (x) = ∆q(x) and g q 2 (x). The unpolarized structure functions determine the quark contributions to the nucleon momentum, but explain only about 50% of the total amount ( dx(2xf u + xf d ) ≈ 0.5). The remaining 50% are due to the gluons. The functions ∆q measures the contributions to the quark orbital momentum for the proton spin. It is known since the 80s, from the EMC experiments at CERN [9] , that the contribution of the orbital momentum of the quarks to the proton spin is only about 30% [9, 10] . That conclusion was obtained from the result of the first moment of the function g 1 (x) for the proton [11, 12] 
Theoretical calculations based on the naive assumption that the nucleon is made of quarks with no orbital angular momentum (pure relative S-state)
give larger values. In our S-state model for the nucleon, Γ p 1 = 0.278 [13] . Since a nucleon wave function (Ψ N ) dominated by the S-state [1, 12] overestimates the quark contributions to the proton spin, we now consider a wave function that include also P and D-states [13] 
where n S , n P and n D are the coefficients of the states (n 2 S + n 2 P + n 2 D = 1). All the components of the wave function are represented in terms of an off-shell quark and two on-shell quarks (quark pair). We can integrate in the internal degrees of freedom of the quark pair and represent the wave function in terms of the a quark and a diquark structure dependent on the nucleon (P ) and the diquark (k) momenta [13] . Since in the DIS limit the quarks are pointlike the adjustable part of the model is restricted to the radial wave functions of the states S, P and D. To increase the flexibility of the model we also consider different distributions (radial wave functions ψ S q ) for the quarks u and d. This asymmetry is supported by the data [12, 13] .
From the calculation of the hadronic tensor, in which we integrate on the quark and diquark on-shell momenta, we derive the expressions for the DIS structure functions. In particular the expression for the unpolarized structure function associated with the S-state can be written as
where ξ =
1−x is a function of the Bjorken variable x, and χ is a covariant variable of the nucleon and diquark momenta. Similar expressions can be written for the P and D components.
Equations (3) can be used to conclude that the radial wave functions (L = S, P, D) can be represented in the form
where α is a constant, β is a dimensionless parameter and n 0 , n 1 are indices that can be related to the values a q , b q from the parametrizations xf q (x) ∝ x aq (1 − x) bq . To confirm if the CSQM is consistent with the DIS regime, we try to adjust the parameters of our model to the DIS phenomenology. Since the experimental data is in some cases obtained for very small Q 2 (while in the DIS limit Q 2 is very large) we choose to fit our model to the well known parametrizations of the data: Martin, Roberts, Stirling and Thorn (2002) -MRST(02) (unpolarized structure functions) [14] and Leader, Siderov and Stamenov (2010)-LSS(10) (polarized structure functions) [15] . We consider the parametrizations for the scale Q 2 = 1 GeV 2 . We divide the fitting process into 3 steps:
• first we estimate the parameters of the radial wave functions ψ L q by a fit to the unpolarized data, f u and f d , assuming that all components S, P, D have the same shape [see Eq. (4)],
• based on the first estimate of the radial wave functions we calculate the mixture coefficients n P and n D by making a fit to the first moment of the function g The results of the fit for the functions q and ∆q are presented in the Fig. 1 , and are compared with the parametrizations MRST(02) and LSS (10) .
Once all the parameters are fixed by the q and ∆q data, we use the model to predict the function g 2 (x) for the proton and the neutron. The results are presented in Fig. 2 by the solid line. Fig. 1 . Results for the unpolarized q(x) and polarized ∆q(x) structure functions (Total) compared with theparametrizations MRST(02) and LSS(10) [14, 15] . The P -and D-state mixtures are respectively 1% and 35% [12] .
From the previous study we conclude that CSQM be used in the nucleon DIS regime, in addition to the electromagnetic excitations of the baryons. The results presented here are derived under the assumption that the valence quarks are the relevant degrees of freedom in DIS and that the gluon and meson cloud (sea quarks) effects can be neglected in a first approximation.
In our study the nucleon has contributions of several angular momentum states (L = S, P, D) and the DIS data are used to probe the shape of the components of the nucleon wave function.
The results of our best model are consistent with the experimental data obtained for the unpolarized f q (x) and polarized g q 1 (x) structure functions, which are also compatible with a zero contribution of the gluons for the proton spin (J g = 0).
Finally we present predictions for the spin dependent structure function g 2 (x) of the nucleon. The predictions are consistent with the available data (see Fig. 2 ) and can be tested in future by more accurate data.
Since the gluon degrees of freedom are not included explicitly, although some effects are effectively considered in the structure of the radial wave functions, we cannot make direct predictions for very large Q 2 . We can however use the QCD evolution equations (DGLAP) [16] to extrapolate the results to very large Q 2 , dominated by the gluon effects, using the results of our model for the valence quark structure at Q 2 = 1 GeV 2 .
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